The results reported herein address the question of synaptogenesis between adrenal chromaffin cells and striatal neurons. The release of dopamine from chromaffin cells in the presence of striatal neurons was also examined. Co-culture of newborn rat chromaffin cells and striatal neurons at 1:1 ratio was made. Cultures were examined morphologically using immunocytochemistry and ultrastructural techniques (transmission electron microscopy), while quantitation of dopamine in the culture media by HPLC-ECD was also determined. Neurite outgrowth from chromaffin cells was enhanced in the presence of striatal neurons and numerous synaptic-like contacts between these two cell types were observed. Higher concentration of dopamine was also present in the co-culture medium as compared with those containing only chromaffin cells. The development of synapses between these two types of cells may give support to the functionality of transplants in human cases of Parkinson disease (PD).
INTRODUCTION
Parkinson disease (PD) and parkinsonism are characterized by a combination of the following clinical motor signs: ''rest'' tremor, ''cogwheel'' rigidity, bradykinesia, and postural instability (1, 2) . Idiopathic PD is also defined as a clinicopathological condition of insidious onset levodopa-responsive parkinsonism in the absence of significant ocular, pyramidal, cerebellar, or autonomic nervous system deficits. Pathologically, there is loss of pigmented dopaminergic neurons in the zona compacta of the substantia nigra and other brainstem dopaminergic nuclei and presence of Lewy bodies (eosinophilic intracytoplasmic inclusion bodies) in some of the remaining neurons. Clinical diagnostic accuracy is approximately 75% using this definition (1) (2) (3) .
The onset of PD typically occurs between 40 and 70 years of age, with a peak of onset in the sixth decade. It is infrequent before 30 years of age and there is no difference as to the incidence in males and females. In the United States about 1% of the population over the age of 50 is affected, which amounts to about 500,000 patients suffering PD (4) .
Clinical improvement following dopaminergic therapy has led scientists and clinicians to conclude that the ideal dopaminergic agent would act directly on the dopamine receptors, penetrate the blood-brain barrier, and be metabolically stable; for example, intracerebral transplanted substantia nigra dopamine producing neurons. Experimentally, rat fetal nigral cell suspensions were placed in the striatum of rats previously lesioned with 6-hydroxidopamine (6-OHDA) (5, 6) . The transplanted fetal dopaminergic cells restored the lost caudate dopamine up to 50% (7) . Anatomically the transplanted dopaminergic cells appeared normal and sprouted in a limited manner into the caudate parenchyma establishing synaptic contacts with the dendritic shafts and spine necks of the host's caudate medium spiny neurons (8) .
The use of fetal cells as a source of the dopaminergic neurons for treatment of PD patients is subject to inherent difficulties and concerns over ethical principles. Therefore, autologous adrenal medulla grafts have been used as a source of dopaminergic cells and were placed into the dopamine deficient striatum of PD patients (9, 10) . The observed clinical results were not conclusive and improvement has been only transitory and erratic. The failure to obtain reversal or sustained improvement of the Parkinsonian syndrome is dependent on the functional capabilities and/or the survival of the transplanted dopaminergic cells. Results included lack of axonal sprouting for synaptic contact with the host's striatal neurons and also to necrosis of the graft (11, 12) .
Although transplant of adrenal chromaffin (AC) cells for PD has been performed both in animal models and in clinical trials for more than 20 years, direct evidence of innervation remains poorly demonstrated (for a review see 12) . This is due, in part, to the lack of a suitable experimental model to investigate this issue. Intraocular co-culture of neocortical neurons and adrenal medulla cells proved that synaptic contacts can develop (13) . Those facts led us to consider the possibility that a coculture of AC cells and SN in vitro could demonstrate the development of synapses between these two types of cells using immunocytochemistry and ultrastructural techniques. The catecholamine contents in this co-culture system were also assayed comparing it with either AC cell cultures or SN cultures.
MATERIALS AND METHODS

Cell Culture
Adrenal glands were obtained from newborn Wistar rats from the animal house of the Faculty of Medicine, UNAM. Chromaffin cells were isolated by collagenase (CLS-1, Worthington, Lakewood, NJ) digestion method (14) . The dissociation solution used was calcium-free Spinner Salts Solution (SSS) supplemented with bovine serum albumin (1 mg/ml) plus deoxyribonuclease I (15 g/ml, Sigma, St. Louis MO). Striata were removed from newborn rat brains and mechanically dissociated with a flame-narrowed Pasteur pipette in SSS. Three groups of cell cultures were prepared as follows: chromaffin cell culture (group C), striatal neurons cell cultures (group N) and co-culture of the two cell types at ratio 1:1 (group CϩN). Cells were plated on 24-well NUNC culture dishes (Nalge Nunc International) previously coated with poly-L-lysine (MW 30,000-70,000, Sigma). The plating density was 5 ϫ 10 5 cells per well containing 0.5 ml of Dulbecco's modified Eagles's medium (D-MEN, GIBCO, Gaithersburg, MD) supplemented with 10% fetal bovine serum (GIBCO), 4.5 g/ml insulin (Sigma), 100 U/ ml penicillin (Sigma), 100 U streptomycin (Sigma), and 2.5 g/ ml fungizone (Sigma). Cell viability was more than 95% tested with Tripan Blue 0.4% (IN VITRO, S. A., Mexico) . Culture media were changed every 72 h. The following procedures were performed after 7 days of culture. fluorescein isothiocyanate (FITC) diluted 1:40 in PBS/A-T (Sigma) for 1 h at 37ЊC. The co-cultures were abundantly washed in PBS and once with PBS/A-T, and to identify AC cells, were incubated overnight at 4ЊC in primary rabbit antityrosine hydroxylase antibody (Chemicon, Temecula, CA) diluted 1:2,000 with PBS/A-T. The samples were rinsed with PBS and incubated with a secondary sheep anti-rabbit-IgG antibody coupled with Cy3 diluted 1:30 in PBS/A-T) (Sigma) for 1 h at 37ЊC. Co-cultures were washed with PBS and mounted with PBS/glycerin 1:1. To observe the double immunofluorescence, the samples were examined in a Zeiss photomicroscope with an emission filter of 510 nm. Controls were treated with a nonrelevant monoclonal antibody of appropriate isotype (IgG of mouse or rabbit) or not treated with primary antibodies.
Double Immunofluorescence
Immunocytochemistry
Indirect immunocytochemistry was made as follows: Cultures of AC cells were fixed with 4% paraformaldehyde and washed three times with PBS for 15 min. Peroxidase activity was blocked with 0.3% H 2 O 2 for 10 min and incubated 18 h at 4ЊC with rabbit anti-tyrosine hydroxylase antibody diluted 1: 2,000 in PBS/A-T twice with PBS and once with PBS/A-T. After washing in PBS, they were covered with a biotinylated goat anti-rabbit IgG (ICN Biomedicals, Costa Mesa, CA) for 1 h at room temperature, rinsed with PBS, and treated with streptavidin-peroxidase conjugate (ICN Biomedicals) for 1 h at room temperature. Peroxidase activity was visualized by incubating the samples with 3Ј3-diaminobenzidine (Sigma) (0.5 mg/ml Tris-HCl buffer, pH 7.4, containing 0.01% H 2 O 2 ) for 7 min. Controls were treated with a nonrelevant rabbit monoclonal antibody of appropriate isotype (IgG) or not treated with a primary antibody.
Quantitative and Morphological Evaluation
Morphological comparison was derived from TH-immunostained cells of six AC cultures using an ocular grid, calibrated with a micrometer and with a ϫ40 objective. Ten fields of each culture were randomly chosen and positively stained cells were counted.
Transmission Electron Microscopy
Some co-cultures were fixed with 4% paraformaldehyde and 0.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, for 1 h and rinsed with buffer phosphate 0.2 M, pH 7.4 three times. The samples were postfixed in 1% osmium tetroxide in 0.2 M phosphate buffer pH 7.4 for 45 min at 4ЊC. Specimens were dehydrated, embedded in EPON 812 by the inverted capsule method, and ultrathin silver sections were obtained with a Sorvall ultramicrotome MT6000 (Dupont) and mounted in copper grids. Sections were stained with uranyl acetate and Reynolds' lead citrate and observed in a Zeiss EM-109 electron microscopy (Zeiss, Germany). 
Neurochemical Determination
Fresh medium samples were assayed on the seventh day of cell culture using ion-pairing reversed phase high performance liquid chromatography (HPLC, Gilson) with electrochemical detection (ECD, BAS) to detect and quantify the presence of dopamine (DA), epinephrine (EP), and norepinephrine (NE) in the culture media. BAS-Unijet microcolumn reactor system (microbore 100 ϫ 1 mm, ODS, C 18 -3 m) for chromatographic detection and a mobile phase for catecholamine were used (17) . The amount of DA, EP, and NE was calculated from the means of corresponding areas under the curve according to a standard curve based on five concentration levels using a linear regression fit.
Statistical Analysis
The Student-Newman-Keuls test was used for statistical analysis of the experimental data through GraphPad InStat tm (GraphPad software, V 2.05).
RESULTS
Immunocytochemistry and immunofluorescence of group CϩN showed numerous positive cells to DARPP-32 or TH. It was also evident that neurite outgrowth from AC cells in this group was enhanced as compared with group C (Table 1 ). There were numerous contacts between AC and SN cells as observed by the photon microscope and shown in Figure 1D and E.
With electron microscopy, contacts resembling synapses between neurons and AC cells were observed (Fig.  2) and chromaffin cell was identified by the presence of electrodense epinephrine vesicle (18) . In addition, DA concentration in culture media from the three experimental groups showed significant differences. The mean value of group CO was 368.1 Ϯ 34 fmol, (n ϭ 26), which was significantly different from group C, whose mean value was 68.8 Ϯ 23 fmol (n ϭ 26), and from group N whose mean value was 11.02 Ϯ 5.5 fmol (n ϭ 10) (Fig.  3) . On the other hand, the epinephrine content in the group CO was significantly less (360 Ϯ 37 fmol, n ϭ 26) than in group C (582.8 Ϯ 81.8 fmol). The norepinephrine content from the three experimental groups had no significant differences, whereas the catecholamine contents of the group N were 11.02 Ϯ 5.5 fmol for dopamine, 30.1 Ϯ 9.3 fmol for epinephrine, and 6.7 Ϯ 3.1 for norepinephrine.
DISCUSSION
Adrenal chromaffin cells derive from the neural crest sympatho-adrenal lineage and can change their phenotype according to micro-environmental cues (19) . It is well known that there are two types of cell differentiation, the autonomous differentiation that follows a strict genetic program and the trans-differentiation regulated by the environment, such as critical chemical and electromagnetic signals coming from their environment (20) (21) (22) (23) . The results of this study show that AC cells co-cultured with SN are more capable of modifying their morphological and functional characteristics than single AC cells in culture. In the presence of high-density striatal neuron membrane DA receptors in their environment, AC cells can increase their DA release approximately 3-fold, matching the epinephrine concentration. This change could be an example of use-dependent plasticity. The cellular and molecular mechanisms of these functional changes deserve further detailed investigation. Our results obtained from this cellular model confirm other morphological results in different animal models on synaptogenesis between AC cells and brain tissue (13, 24) . Although this study does not itself contribute to new knowledge in PD, it provides an experimental basis for further clinical trials of AC cell transplantation into striatum for PD treatment.
